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1 INTRODUCTION 
 
One of the goals of the present time, the millennium, which we happen to share with the rest 
of humanity, is to safeguard the Earth's resources that allow us to carry out human activity. 
One of the basics, on which everyone is agreed and which allows us to measure the impact 
on the sustainability of the planet, is CO2 emissions in Kg. 
The effect of current environmental regulations on the sector has more to do with the 
amenities of the building, that is to say, in reducing emissions of the users of the building 
throughout its useful life rather than legislating the construction process [1] to minimize 
emissions. 
Building systems have been evolving towards higher performance technologies in exchange 
for an increase in the use of resources and thus their environmental impact. [1] 
Construction and maintenance account for 24% of the total requirement of materials that are 
manufactured. The weight of the construction sector and its auxiliary industry has an impact 
of approximately 15 to 20% of CO2 emissions. Therefore, it is necessary to establish working 
criteria that are consistent with the significance of such impact. 
This involves an exercise in sustainability analysis in order to carry out the structural project 
of a free-standing building intended for the hotel business.  
 
1.1 Objectives of the FYP 
This final year project involves conducting a study of different structural solutions by 
analyzing the environmental costs (Kg of CO2 emissions and energy consumed in KWh), and 
comparing such data with the financial cost estimates for building the structure of the various 
solutions.  
The main aim of this project is to draw comparisons not only from a standpoint of cost and 
construction but also in terms of sustainability. These comparisons are to be the basis for 
justifying the solution adopted. Indirectly, this FYP will help me to return to this sector after 
many years working in other areas of activity. 
The structural systems that are being proposed for study in this project will be selected 
according to the characteristics of the project and the study of the land where their 
construction is planned. 
 Finally, the structure project will be developed from the selected solution.  
 
1.2 Description of the building 
It concerns a small free-standing building with an area of 220 m2. 
This separate building consists of a 5-bedroom module designed as an extension of a hotel 
located in the municipality of Torroella, the main premises of which are in an old mill where 
the ability to build is exhausted. The module integrates into the landscaped area next to the 
watercourse that carried water to the mill, as shown in Fig. 1.1. 
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The building structure project is to be carried out according to the blueprint of architect Mr 
Pere Sola i Busquets.  
 
 
 
 
Fig. 1.1 Site of the building 
 
The module consists of a single floor with one of the rooms being suitable for the disabled to 
use. Access to the module is via a ramp that accommodates the height at which the land for 
the ground floor has been designed. (Fig 1.2) 
 
 
Fig. 1.2 Ground Floor 
 
The building, as shown, is designed to integrate into the environment. The architect wanted 
to raise it off the ground in order to give it an appearance of lightness. The façade is 
composed of straight lines, with brick finish and inverted flat roof. The roof of the balconies is 
located below the main roof of the module. (Fig. 1.3) 
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Fig. 1.3 Façades and cross-section of the building 
 
1.3 Working methodology 
Initially, work was carried out on the blueprint provided by the architect with AutoCAD in 
preparing the structural diagrams of the various solutions. 
In a second stage, analyses were performed of the geotechnical study and of wind and 
earthquake regulations to see if they apply. 
The materials proposed for finishes were analysed in order to determine the loads applied to 
each of the structure options on which the study is to be based. 
In a third working stage, the pre-dimensioning of some specific support elements was 
performed for some of the structural options in order to validate them. 
A fourth stage involved drawing up the plans and details of the loads with AutoCAD 
templates in order to import them from the calculation program used for the dimensioning of 
the structure (Tricalc). 
Finally, and after resolving all the structural options proposed to a high enough degree to 
confirm their implementation, the measurements, estimate, energy consumption and CO2 
emissions of each option were then analysed. 
In order to resolve this stage, measurement data was exported from the calculation program 
Tricalc to the estimate program TCQ from the ITC. Estimates were carried out for cost, 
energy spending and CO2 emissions of each of the options. 
This task was completed by conducting a study of man-hours in order to obtain a further 
approximation of the duration and execution, a situation involving additional CO2 emissions.  
 
1.4 Contents of the specifications 
Chapter 2 defines the different structural solutions that are the subject of the study according 
to the constraints of the project and the land. The geotechnical study is contained in Annex 
A. 
Chapter 3 sets out the actions and loads that affect the building, in order to provide 
information concerning other stages of the process.  
Chapter 4 explains the processes that have been performed by using the program Tricalc in 
order to obtain calculation results that allow the goals set out in this FYP to be achieved.  
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Chapter 5 presents the outcome of the calculation of each option, including the cost 
estimate, energy consumption and CO2 emissions. This chapter is supplemented by Annex 
B, which contains the floor plan drawings for each structure option and a cost estimate 
breakdown. 
After obtaining these results, we will be able, in Chapter 6, to make comparative analyses 
between the solutions for cost, energy and CO2 emissions. Finally, we will work on the final 
structural solution, in order to resolve the project for the metallic structure with steel 
composite slabs, attached in Annex C. 
Chapter 7 presents the conclusions of the study and finally, in order to comply with current 
rules on third language skills, in this case English, the translation of some chapters are 
attached as Annex D. 
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2 DEFINITION OF STRUCTURAL SOLUTIONS  
 
Criteria are established for the various parts that make up the structure in order to make 
decisions on the solutions to be studied. 
To analyze these issues, the size and compositional structure of the building will be taken 
into account as well as the constraints of the land. 
 
2.1 Constraints and criteria applied to the construction project 
The basic and relevant elements of the architectural project that condition any structural 
solution for this building are the suspended floor overhangs, which are more pronounced as 
the architect wants the supporting walls to be set back from the front line (Fig. 2.1). 
As can be seen in the cross-section, the suspended floor is located at 1.15 m from ground 
level and the cantilevers project 0.6 to 2.55 m from the supporting walls. (Fig. 2.2)  
 
 
Fig. 2.1 Cross-section 
 
 
 
Fig. 2.2 Suspended floor and supporting walls 
 
Another thing to consider is that the ground floor roof is at a different height to the roofs of 
the balconies (Fig. 2.1). As explained before, the floor slab is planned at a height of 1.15 m 
and the height of the ground floor roof at 4.45 m. The roofs of the balconies of the rooms, as 
explained above, are situated at an height of 4.0 m.  
As a result, the heights of the vertical supports of the structure are between 2.85 and 3.3 m. 
This situation can be addressed with any traditional solution. 
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These elements of architectural (physical) design that the architect considers important for 
integrating the building into the environment, complicate the choice of structural solutions to 
carry out the project. 
Moreover, the floor of the building is rectangular and the distances between room partitions 
are 4.6 m and the widths between the supporting walls where the architect proposes to 
locate the pillars is 5.4 m (Figure 2.3).  
 
 
 
Fig. 2.3 Main dimensions of the building 
 
The dimensions, symmetry, and regularity of the interior layout of the building allows for 
several solutions as they enable the use of continuous decking, beams and slabs etc. 
Furthermore, the wall planned for the project is to support upright structures whether they are 
pillars or walls. 
 
2.2 Characteristics of the land 
The land where the building is planned to be built is flat and has no slope of any kind. 
Moreover, in the geotechnical study, six rotary boreholes were constructed of between 1.7 
and 3.4 m deep and 12 penetration tests in the layers of those boreholes. 
Two representative samples were taken for laboratory testing. 
The study determined two layers (Table 2.1), the first consisting of landfills formed by layers 
of mud and rock having a height of less than 0.5 m and on which no foundation element is to 
be supported, and a second, most importantly, consisting primarily of a limestone substrate 
with a thickness of more than 7 m, which is made up of calcareous conglomerates with a silty 
matrix of large sub-rounded particles. 
The aggressiveness of this type of soil towards concrete is practically zero. The soluble 
sulphate content found in the laboratory tests is almost negligible. 
The materials of these layers on which foundation sits can be excavated with ordinary 
earthmoving machinery. 
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Layer Soil type N value 
Qad 
Reinforced 
slab 
Qad Strip 
footing 
Qad Isolated 
footing 
R Landfill --- No support No support No support 
A Limestone > 50 3.5 Kg/cm2 2.8 Kg/cm2 3.5 Kg/cm2 
 
Table 2.1 Geotechnical study data 
 
The geotechnical study recommendations confirm that it is possible to propose foundations 
directly on the subsoil layer with a strip footing to transfer stresses of 2.8 Kg/cm2 to the 
ground. 
 
2.2.1 Foundations 
The same foundation solution is to be proposed for all the structure options. This involves 
building a strip footing (Fig. 2.4) which supports the perimeter wall and acts as a plinth for the 
building. 
 
 
              Fig. 2.4 Diagram of the foundations 
 
2.3 Structural systems 
On the one hand, the essential characteristics of the project have been analyzed: the size 
and configuration of the building as described above. 
With this information and the definition of the foundations as set out in the previous point 
(strip footing) three different structural systems were chosen that may be suitable for the 
construction of this building and will be the subject of this study. 
2.3.1 Option 1. Reinforced concrete structure  
It is assumed that the foundations have been determined as the strip footing type, which will 
support the perimeter wall by acting as a plinth for the building.  
This option involves the perimeter wall being made of reinforced concrete. The wall goes 
from foundation elevation 0 to an elevation of 1.15 m, the top of suspended floor as can be 
seen in fig. 2.1. 
Regarding the suspended floor, given the existing lighting and overhangs, it will consist of a 
two-way reinforced concrete slab, which will be supported on the perimeter wall as described 
above. The access ramp that reaches this level is also proposed as a reinforced concrete 
slab, which, by contrast, will be supported on a reinforced concrete wall of 0.4 m in height. 
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The concrete pillars of the main structure of the building will stand on the perimeter wall, and 
which will support the two-way reinforced concrete slab roof of the ground floor. 
The reinforced concrete slab roofs of the private balconies, which are lower than the ground 
floor roof (fig. 2.1), will be supported by hot rolled steel profiles that stand on the suspended 
floor slab. 
 
 
   Suspended floor slab 
 
  Ground floor roof slab 
 
2.3.2 Option 2. Structure of brick walls with prestressed concrete beams 
In this option, the walls of the plinth course will be proposed as lightweight concrete block 
walls from level 0 to 1.15 at the suspended floor (fig. 2.1). The vertical structure consists of 
gero brick walls supporting the roof slabs of the ground floor and standing on the perimeter 
wall of concrete blocks. 
The solid brick walls found in the dividing walls between the rooms will be directly supported 
on a strip footing foundation, transversely to the perimeter wall. 
The roofs for the private balconies of the rooms are proposed as hot-formed metal profiles, 
which will be supported by steel pillars. 
Regarding the horizontal elements of the structure, they will be one-way slabs of prestressed 
beams, reinforced concrete girders in the suspended floor to support the load-bearing walls 
of the lateral façades and certain cantilevers, steel girders supporting the roofs of the private 
balconies of the rooms and a reinforced concrete slab for the access ramp supported on a 
reinforced concrete wall 0.4 m in height. 
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             Foundation 
 
   Suspended floor slab 
 
 
                   Ground floor roof slab 
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2.3.3 Option 3. Metal structure with composite slab 
In this solution, the construction of the wall supporting the suspended floor, that is to say the 
plinth course, is to be reinforced concrete. On top of this will be the metal pillars of rolled 
steel to support the ground floor roof slab, and, in order to support the private balcony roofs, 
tubular profiles of hot-rolled steel will be used. 
As for the horizontal elements, the suspended floor slab, as well as those for the ground floor 
roof and the balcony roofs, will be proposed as steel decking composite slab. Both the main 
support girders and intermediate support beams are to be rolled steel. Those supporting the 
suspended floor will stand on the concrete perimeter wall. 
The access ramp will also be composite slab, supported on rolled-steel girders. 
 
 
      Suspended floor slab 
 
                     
 
                      Ground floor roof slab 
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6      COMPARATIVE ANALYSIS BETWEEN THE SOLUTIONS STUDIED 
 
6.1  Analysis of construction suitability 
From the standpoint purely of construction, the strengths and weaknesses of each of the 
options were analyzed. Such analysis included a view from the standpoint of safety, that is to 
say, workplace accidents. On this point we relied on a FYP that dealt with this matter, among 
others. [2]. 
 
 
Points Option 1 Reinforced Concrete 
Option 2 
Brick Wall 
Option 3 
Composite Slab 
Strong 
 
Low level of coordination, as few 
contractors involved. 
 
 
 
 
 
 
 
 
Worksite accidents: hazards in work 
carried out on 100% formed surfaces 
are lower and the grade of severity is 
less. 
Replacement of non-structural 
dividing walls for structural load-
bearing walls. 
 
 
 
 
 
 
 
 
 
 
 
Low level of coordination, as few 
contractors involved. 
 
Speed of execution: shorter 
construction planning time. 
 
Reliability: part of the work comes 
from workshop and there is less 
risk of errors in the process. 
 
Worksite accidents: hazards in 
work carried out on 100% formed 
surfaces are lower. 
 
Weak 
 
Complexity of assembly and bracing of 
Level 115 
 
 
Difficulty in recovering the formwork of 
Level 115 
 
 
 
 
 
 
 
 
 
Complexity of assembly and bracing 
of Level 115 
 
 
Difficulty in recovering some 
formwork of beams of 115 Level. 
 
Removal of round pillars that the 
architect integrated into the interior 
design of two rooms. 
 
Higher risk of worksite accidents and 
more serious.  
 
 
Severity level of potential worksite 
accidents, in tasks using cranes for 
assembling elements, is higher. 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in the table above, the speed of execution of the Steel Composite Slab Option, as 
well as coordinating the work, are possible aspects that set it apart from the other options. 
 
6.2 Data summary table  
This table includes a summary of the environmental, energy and cost estimate obtained, 
which is set out in detail in previous chapters. 
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6.2.1 Analysis of the cost estimate 
According to the cost assessment obtained in accordance with the procedure set out in 
Chapter 5. 
The cost estimates are carried out on the basis of the calculation result of the three options. 
They are intended to be comparable and will serve as a basis for the implementation 
estimate for the Option that will finally be the subject of the project undertaken. 
As shown in the summary table, Brick Wall Option 2 is the most economical of the three 
analyzed. 
Reinforced Concrete Option 1 is more expensive than the Composite Slab Option, and Brick 
Wall Option 2 is 38% more economical than the Reinforced Concrete Option.  
In short, both the Brick Wall and the Composite Slab options are far more economical than 
the Reinforced Concrete option, which is 71% higher than the Brick Wall.  
 
6.2.2 Analysis of CO2 emissions and energy cost 
As shown in the summary table, Brick Wall Option 2 is best from the standpoint of CO2 
emissions and energy consumption. The differences over the other options are significant. 
The Reinforced Concrete Option triples the CO2 emissions and energy consumption of the 
Brick Wall Option. 
The Composite Slab Option doubles the CO2 emissions of the Brick Wall Option, which 
would make it the second best option according to this analysis. 
 
6.2.3 Analysis of labour consumption 
As shown in the accompanying table, the option involving a smaller number of man-hours is 
is the Brick Wall Option, followed by the Composite Slab Option, mainly because a major 
part of the structure will arrive at the site semi-finished from the workshop. 
Reinforced Concrete Option 1 involves approximately 40% more hours than the Brick Wall 
Option, and the Composite Slab Option involves only 16% more hours. 
With this data it can be seen that the Reinforced Concrete Option will require a greater 
number of people and, therefore, may also involve a greater length of time for work on 
foundations and structures, including at least a greater complexity and use of resources. 
Such greater complexity and use of resources also implies higher energy consumption and 
CO2 emissions. 
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6.3 Justification and choice of the solution to be undertaken   
From the standpoint of cost and the environment, the Brick Wall option would be the most 
advisable, but due to the technical difficulties of the formwork from suspended floor slab and 
the total unfitness to the architect's project design, we would choose another option. 
The option that can be ruled out right away would be the Reinforced Concrete Option, not 
only because of the cost but also because of the duration of the work and the technical 
difficulties of execution and recovery of the formwork from fist level 
As for construction suitability, it seems that the Composite Slab Option is best, even though it 
is 38% more expensive than the Brick Wall Option. 
The issue can be left open to the owner and architect to make a decision based on 
aggregate financial estimates, not only of the structure but also once the other items that 
make up the project have been incorporated. 
The economic difference between the two solutions could be reduced or more balanced after 
obtaining the total budget of the construction. 
In this first part of the calculation and extraction of measurements it has been indicated all 
solutions to be calculated including fire resistance (R60), a situation which among other 
things has affected the metallic slab composite, finally we do not use the metallic slab as a 
structural resistant element therefore the calculation requires higher thicknesses of 
Composite Slab and the use of positive and negative reinforced. 
If we contemplate the complete execution of the budget, it is possible for both coatings 
plaster on the ceiling and on the walls and pillars to involve an appropriate fire resistance to 
make use of the metallic slab as a really working situation that would involve reducing the 
thickness of the slab and its concrete. 
As a result we have opted to develop the Composite Slab Option 3 as a project. 
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7  CONCLUSIONS 
 
7.1   Concerning the decision-making process of the structural solution. 
The choice of the various structural solutions, out of all those that were possible, was not a 
complex one because we were looking for separate solutions that would allow us to make a 
comparison and also because the building has some very distinct architectural features. 
The foundations, given the characteristics of the land, did not allow for too many variations, 
however, some alternatives could have been taken into account, such as using prestressed 
concrete beams in the Reinforced Concrete Option but, finally, a completely separate 
solution was preferred in order to obtain conclusive results. Based on this first analysis, other 
solutions could have been made up by varying elements between the Reinforced Concrete 
and the Load-Bearing Wall Options. 
Finally, we have opted for undertaking the Composite Slab Option. 
To conclude, it may be stated, though not as completely as discussed in this study, that it is 
always necessary to make a full analysis (not just cost) of the possibilities. 
 
7.2 Concerning the use of the program TRICALC. 
The fact of having to get results that enable us to do the analysis as we had planned has 
forced us to work thoroughly on all the structural options. 
This meant that we worked with almost all the menus of the Tricalc structure program. Since 
the structural alternatives under consideration cover most variations, we worked with load-
bearing walls of brick, concrete blocks and reinforced concrete; with pillars and beams of 
steel and of reinforced concrete; and with prestressed beams, reinforced concrete and 
composite slabs.  
We have seen the importance of the structural mesh geometry being input into the program 
properly before starting to use the structural calculation menus. 
It has also been important to get to know the graphic results menus, which allow us to see 
everything that can go unnoticed at first glance. The powerful chart editor, used in a coherent 
manner, provides us schematic information that then allows us to go to specific places 
(nodes or bars) to analyze them in more detail, either numerically or graphically. 
Tricalc is a comprehensive program that allows us to address all parts of the structure of a 
building. It should be said that without the prior calculation knowledge provided to us in the 
course subjects, we would not be able to validate and, ultimately, arrive at a coherent 
structural design.  
To conclude, the program provides calculation tools that require knowledge. In our opinion, 
the program has been incorporating calculation needs specific to elements, graphs or 
drawing in order to arrange and change plans, drawings or additional information, which 
have been added to the menus in a somewhat disordered manner. It would be necessary for 
the company that owns the calculation program to make a truly new version by rearranging 
the menus and options so that they are in keeping with the needs of the technicians that 
have to use it.  
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7.3 Concerning the structure project. 
The structure project, which we finally completed, consists of three parts, the first being the 
technical specifications containing and explaining the processes and methodology used. On 
the one hand, it contains the information we incorporated for calculation, and on the other 
hand, the processes, methodology and rules for calculation that the program Tricalc applied 
in order to find the results that finally make up the rest of the project information. 
The second part consists of the drawings for the structure, which should alone explain 
everything required for the structure to be implemented such that the technicians responsible 
for carrying it out are in no doubt. 
The other document that makes up the project is the bill of quantities. For this task, the Price 
Database (BEDEC) of the Institute of Construction Technology of Catalonia was used and 
from which data was taken. 
In conclusion, the project is a set of documents that are to allow the site technicians to 
implement the project without any issues of interpretation. 
This will be possible if we have been able to consider the plans, details and additional 
information not only from the standpoint of an estimator but also, more importantly, from that 
of the site technicians. This is the true value that can be provided by Building Science and 
Technology graduates, as knowledge of the construction process in implementation on site is 
what sets other professionals apart in the construction industry in our country. Therefore, we 
can bring significant difference to the "focus" of the structure project undertaken as 
"estimators". 
 
7.4 Concerning energy cost. 
This project has dealt with various structural types and we have been able to determine that, 
on the one hand, there are materials with significant differences in terms of energy 
consumption and CO2 emissions that are commonly used in construction processes, relate 
them to the number of hours used for their implementation on site and observe that 
emissions and energy consumptions are also related. 
The structural solution that we finally developed is not the most economical; nor is it the most 
balanced from the standpoint of emissions and energy consumption, but it's the one that we 
considered to have a better environmental balance with the construction project. 
In conclusion, this would be the most relevant part for the future of our industry this 
millennium. It is not enough to legislate and regulate on the reduction of energy consumption 
of the users of homes, offices or industrial buildings from the standpoint of insulation and 
production of domestic hot water, photovoltaic panels etc, or on the need to send waste from 
materials used in construction, demolition and earthwork processes to recycling points. 
We believe it necessary, on the one hand, to investigate new materials and construction 
processes that are more environmentally friendly, and on the other, to start legislating on the 
materials to be used, by at least trying to bring a dynamic to the sector that gradually forces it 
to evolve from the outset, starting with the materials. 
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